Multidisciplinary care teams exist throughout healthcare systems. In the operating room (OR), effective communication between teams is essential, especially during crisis situations where patient safety can be in acute danger. An oftenneglected skillset in educational curriculums is challenging authority. This narrative synthesis aims to explore the literature on challenging authority in the OR environment. A systematic search of Medline, EBM reviews and PsycINFO was conducted using terms related to challenging authority, speaking up, communication, patient safety, gradients and hierarchy. The initial search identified 4822 publications, out of which 31 studies were included. The data synthesis of the included studies was grouped into three distinct categories following a meta-aggregative approach: discussion and review articles, observational or qualitative studies, and studies identifying the role of specific barriers or investigating the effect of educational interventions. Themes emerging from expert beliefs, what reality tells us and what we test are consistent. Hierarchy, organisational culture and education are the most frequently observed and tested themes. Simulation research has been successful in eliciting and confirming the role of specific barriers to speaking up. Barriers and enablers are largely modifiable within institutions however, education regarding the importance of speaking up will need to accompany these modifications for any significant changes to occur.
Effective communication is an essential part of successful teamwork. Teams in the operating room (OR) are multidisciplinary and consist of perioperative nurses, surgeons, anaesthetists, and respiratory therapists of varying seniority. Effective collaboration within teams and between specialties is critical, especially during crisis situations to facilitate a safe outcome for the patient. Communication breakdown can have grave consequences on patient safety and has been described as the most important cause for patient morbidity and mortality. 1, 2 Furthermore, a study examining communication in the OR categorised 30% of all communication events as failures, a third of which constituted a risk to patient safety. 3 An often-overlooked competency in educational curriculums is the skill set required to challenge authority. The infamous case of Elaine Bromiley, a healthy young woman who died after a 'can't intubate can't oxygenate' situation illustrates the importance of effectively challenging authority. Two experienced consultant anaesthetists and an ENT (ear, nose, and throat) surgeon repeatedly tried and failed to secure her airway. During these attempts, members of the nursing team recognised the gravity of the situation and even realised that a tracheostomy was needed but were unable speak up effectively, despite bringing the required equipment into the room. 4 Crew Resource Management originated from the observation of interactions between pilots in the cockpit. Analysis of black box recordings found repeated instances of junior pilots trying to challenge the captain in high acuity situations but doing so in an oblique way. This led to their suggestions being ignored by the senior team member, resulting in adverse events. Crew Resource Management was designed to optimise training in non-technical skills to ensure flight safety. One of these skills is the ability to effectively challenge authority. 4 These competencies are translatable to the OR environment, which resembles the flight deck in many aspects. Like aviation, it is a high acuity environment in which hierarchy is deeply engrained. The term 'crisis resource management' (CRM) was initially adopted by anaesthetic teams to refer to the non-technical skills required for effective teamwork in a crisis situation. This led to the development of full immersive simulations that we are familiar with today. Since then, many other specialties have incorporated CRM into their training.
Research on speaking up in the hierarchical environment of the OR is a relatively new concept. 5 The majority of research on the subject uses self-reporting methods and only recently has simulation been used to examine this concept. 6e8 Qualitative research using surveys and interviews offers insight into trainees' perception of hierarchy in the OR and perceived barriers and enablers. 7,9e13 Moreover, studies using simulation to explore these concepts have revealed a significant educational gap in the training given to juniors around effectively challenging authority. Despite the importance of challenging authority and speaking up for patient safety, it remains a difficult task for those of 'low power' in the OR environment. The barriers to challenging authority are multifactorial. Among many, these include: a hierarchical climate, a superior's interpersonal communication skill, gender differences, and a lack of adequate training in voicing concerns. 8,12,16e18 Enablers to speaking up include teaching interventions, evidence that speaking up results in meaningful changes, and anonymised reporting mechanisms. 8, 16 This narrative synthesis aims to explore the literature on challenging authority in the OR environment. Specifically, it examines the identification of modifiable barriers, the effectiveness of educational interventions on the ability to speak up, and enablers to challenging authority.
Methods
Three authors (AM, NP, SV) conducted a comprehensive search of the electronic bibliographic databases MEDLINE, EBM reviews, and Psycinfo. The search strategy aimed to identify evidence in published studies regarding challenging authority in the OR environment. The study selection considered narrative, qualitative, and quantitative studies that sought to identify barriers and enablers to speaking up in the OR environment teams including perioperative nurses, surgeons, anaesthetists, respiratory therapists, and any other member of the theatre team whether trainee or consultant. Both free-text and medical subject headings (MeSH) terms were used, including: authority; challenging authority; speaking up; communication; patient safety; gradients and hierarchy; perioperative team; advocacyeinquiry. Reference lists from identified studies and journals which appeared to be associated with the most retrieved citations were then handsearched. The flow diagram in Figure 1 illustrates the search strategy.
The search was limited to English language only, but not to place or year of publication, and all types of study design were included. 19 The included studies were assessed using a standardised critical appraisal instrument [Qualitative Assessment Review Instrument tool (QARI)]. 20 It comprises 10 criteria for appraisal, and rather than exclusively relate to the validity or bias in the methods, it pursues to establish the nature and appropriateness of the methodological approach, specific methods, and the representation of the voices or meanings of study participants (Appendix 1).
In the qualitative synthesis, the data extraction from the included studies was carried out using meta-aggregation, which combines findings of individual studies in a way that is analogous to meta-analysis. 20 The meta-aggregative approach is sensitive to the practicality and usability of the authors' findings, and it does not necessarily seek to re-interpret those findings. Therefore we explored and divided the qualitative evidence into three distinct categories according to the study design and themes. These categories convey the whole and inclusive meaning of a group of similar findings. We used the 'Enhancing transparency in reporting the synthesis of qualitative research: the ENTREQ statement' 21 to guide conducting and reporting of this review, and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement to illustrate the search strategy. 19 
Results
The literature search was performed in October 2017. The search strategy found a total of 4822 citations which were screened for eligibility assessment by two authors (AM and SV). A total of 353 were selected, and after duplicates were removed and abstracts screened 132 articles were left. The remaining 132 articles were independently reviewed by two authors (AM and NP), whereas disagreements were recorded and resolved by a third independent author (ZF), leaving 37 full-text articles to be assessed for final eligibility. Six articles were excluded after full text analysis for not meeting inclusion criteria (Fig. 1) . The final number of articles included in qualitative narrative synthesis was 31 ( Table 1 ). The level of agreement between authors in this study eligibility selection yielded a kappa statistic of 0.85, considered to reflect an 'almost perfect agreement'. Included studies were published between 2003 and 2017. The critical appraisal tool was applied to all but six of the articles, which were discussion articles around speaking up, and therefore the appraisal questions were not applicable. Similarly, there was one literature review also excluded from the tool. Regarding the critical appraisal results using QARI (Appendix 2) demonstrates that seven studies met all but one criteria, and 14 studies met all but two criteria. The main quality issues were authors not addressing the influence of the researcher on the study (Q7), and lack of a statement locating the researchers' theoretical or cultural perspective (Q6).
The data synthesis of the included studies was grouped into three distinct categories following a meta-aggregative approach:
1. Discussion and narrative articles around the subject of speaking up in the OR environment 2. Observational or qualitative studies researching the views of OR personnel regarding speaking up and challenging authority 3. Studies investigating the result of educational interventions and simulation studies identifying the role of particular barriers.
Discussion and narrative articles
Themes frequently emerging from narrative articles are similar and loosely fall into three sub-categories. The first is organisational culture, referring to the openness and transparency of an organisation and the way in which it affects the staff's ability to speak up. A number of articles make reference to this particular organisational aspect, 22e25 and in particular Reid's study 26 Iden fica on 
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Challenging authority in the operating room -237 response to the reporting culture in NHS organisations in the UK. It examined how organisations deal with concerns raised by NHS staff, and the subsequent treatment of those who have spoken up. The report noted two particular barriers that stood out: the fear of repercussions that speaking out would have for an individual and their career, and the futility of voicing a concern because nothing would be done about it. Furthermore, it quotes accounts of whistle-blowers raising serious concerns which were not only rejected, but met with disciplinary action against them rather than action to address the issue raised. The second most common theme is dysfunctional interprofessional communication. Intimidating and disruptive behaviours that prevent nurses from speaking up lead to medical errors and adverse outcomes for patients. They also increase the cost of healthcare and decrease patient satisfaction scores. One study showed that 77% of healthcare professionals experienced disrespect and abuse, but only 7% spoke to the offending person and discussed their concerns. 28 The constellation of uncivil actions and intentional non-action can result in life-threatening mistakes and preventable complications. The Joint Commission's sentinel event data from 2015 show that staffing and supervision, leadership, and ineffective communication are the top three root causes for sentinel events in the perioperative period. 29 The third theme is the effect of power differentials on the ability to speak up. This is mentioned not only in the context of hierarchy gradients between juniors and seniors of the same specialty but also between specialties. 23, 25, 30, 31 For example, Jameson 30 states that anaesthetists do not feel afraid to ask the surgeon questions whereas nurse anaesthetists in the same position may feel more concerned about having a conflict if they ask a question. Another common opinion relates to real or perceived power differentials creating conflict between physicians and nurses, making the need for effective communication even more important.
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Other articles examine the methods of improving or streamlining communication by creating an environment receptive to team members speaking up. 25, 31 The use of checklists has been developed to create defined safe opportunities for everyone involved in the patient's care to speak up and ask questions. In the OR, the surgical timeout is a strategy designed to support people of 'low power' in their roles to help safeguard patient safety and prevent harm. Using checklists and time-out strategies aims to offset the difficulty in speaking up and challenging superiors within a hierarchical environment. There is also an emphasis on organisational policy to enable an environment where people can speak up without fear of recrimination. Creating a culture of respect and safety implemented at leadership level, engaging frontline staff members and having a zero tolerance policy for disrespectful behaviour are all thought to help create an environment where anyone can speak up regarding their concerns. 24 
Observational or qualitative studies
Qualitative studies have predominantly focused on surveys or interview outcomes from perioperative teams. The overriding themes are again those of hierarchy and organisational culture. Hierarchy is the most commonly cited theme. 7,9e13 Interviews with nurses in the OR 9 reveal they are less positive than physicians regarding speaking up, whereas lack of factors such as feeling supported and being a part of a culture that encourages conflict resolution are important barriers to challenging authority. This opinion is also voiced by anaesthesia assistants. 10 A survey in Scotland showed 26% of anaesthesia assistants would not speak up if they disagreed with a clinical decision in the OR, one of the reasons being the difficulty of speaking up in a hierarchical environment. Structured interviews of surgical residents yielded similar information e hierarchical culture was one of the most prominent reasons associated with a decreased willingness to speak up. 12 Cultural conventions as modulators of speaking up behaviour have also been examined. A survey of residents in Japan and USA aimed to identify differences in barriers to speaking up between the two very different cultures. The questionnaire included statements regarding the residents' beliefs around communication and safety, and the importance of barriers to affecting a decision to question or challenge authority. Surprisingly, there was no significant difference in the threshold to challenge authority between American and Japanese residents, despite inherent cultural differences regarding hierarchy and communication. This hints at the notion that hierarchy gradients are so deeply ingrained into the medical culture that their effect supersedes even that of the national culture. In both countries, the willingness of trainees to speak up a second time was affected by the seniors' response to the first challenge. An unwelcoming response by seniors discourages subsequent questioning and challenges from juniors. This highlights that optimisation of effective communication in a crisis situation is essential. 32 Another study which indirectly compares cultures was carried out in the UK. The study itself was very similar to one carried out in Canada, which allowed some comparison of results. In these studies, a difficult airway scenario was performed as a simulation. 13 The consultant managing the airway inappropriately was a confederate and continued to try and intubate without changing anything of following a difficult airway algorithm. These scenarios were scored in a similar way using modified advocacy and inquiry scoring (mAIS). Although the studies are not directly comparable, the authors from the UK estimated that their trainees seemed to be more proactive than those in Canada. They put this down to a systematic failure of lack of conflict training in Canada, whereas in the UK, high profile cases such as Elaine Bromiley and the Clinical Human Factors Group have brought this to the forefront of communication skills training in the UK. Organisational culture was again determined to have a major role as a barrier or enabler to speaking up. A survey of perfusionists suggested that fear of a punitive response to an error was a significant detriment to communication flow resulting in fewer cases of reporting problems. 33 Analysis of surveys from residents and interns working in different specialties in six USA hospitals found that the perception of getting someone else into trouble, fear of conflict, and concern about eliciting anger and alienation from team members were the three most commonly endorsed barriers to speaking up.
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In contrast, they also reported that evidence of speaking up resulting in meaningful changes and anonymous reporting mechanisms were the top two facilitators to speaking up. Interviews of anaesthesia residents after a simulation asking them to give blood to a Jehovah's Witness (which they knew was considered illegal) yielded accounts of negative hierarchy characterised by fear and intimidation described poignantly by one resident ' … because the hierarchy is well established among the surgical staff, and like revered …. I think they pride themselves on sort of abusing the junior residents'. 17 An observational study was conducted in 16 ORs across the USA studying behaviour during the implementation of a new surgical technique. The results concluded that large power discrepancies will affect how easily 'low power' members can speak up, and this can therefore inhibit open conversation. Without a clear or compelling reason to offer one's views, the effort and risk involved in speaking up make it unlikely even without large power differentials. Team leader training and openness to speaking up were associated with successful implementation. 34 
Educational interventions and simulation research
Building on the results of these qualitative interviews and surveys, several specific barriers to speaking up have been examined in a simulated environment. These studies aimed to recreate specific barriers to challenging authority and compare the behaviour of trainees or low power participants with that of a control group.
This group of studies falls into three categories. First, the question of whether education, particularly in CRM, improves the ability to speak up. Next, testing the effect of qualitatively identified barriers to speaking up such as strict hierarchy. Lastly, examining methods that improve the ability to speak up, such as checklists.
Do educational interventions improve the ability to speak up?
The impact of educational interventions on speaking up has been studied extensively. The majority of these studies do show an increased probability of challenging authority and improved teamwork and collaboration of the perioperative team, which is known to improve patient outcomes, as a result of the intervention. 8,16,35e39 Multidisciplinary courses have been a popular way to test this hypothesis through assessment of the ability to speak up using self-assessment surveys before and after the teaching intervention. A 1 day multidisciplinary team course was used to teach, practice, and apply non-technical skills through simulation, and the effect of the course was reflected in self-assessments. 36 Thirty-seven percent of participants agreed that they felt confident in challenging a senior colleague at the beginning of the course, whereas this had increased to 92% by the end of the intervention. An educational course designed specifically for practicing anaesthetists consisted of an educational workshop on speaking up either before or after a realistic simulated clinical scenario. Opportunities were presented to the candidate to speak up to a surgeon, a nurse, and then an anaesthesia colleague as three separate events during the scenario. The study showed that educational intervention was not effective in getting participants to speak up more frequently. The authors feel that this is powerful evidence that speaking up behaviour cannot be changed with education alone. They also found the frequency and quality of challenges was limited during the speaking up events, despite the educational intervention. Lastly, they believe uncertainty about the issue presented in the simulation was a significant barrier to speaking up. Despite an average of 15 years of experience post anaesthesia training, this shows that being uncertain is not an issue limited to trainees only. They suggest that educational interventions should be designed so that residents have the ability to speak up even if they are unsure how to manage the patient. 37 Similarly, when evaluating behaviours and perceptions of patient safety among surgical residents in the OR before an educational course, the results did not demonstrate any difference in behaviour between the control and intervention groups. 38 More importantly, scores declined in the 6 and 12 month evaluation questionnaires. This is concerning as poor perceptions of patient safety culture in the OR are associated with an increased risk of complications. However, the majority of studies which do show an increased likelihood of speaking up after an educational intervention suggest that formal training could be an effective use of time and resources to promote this open and transparent behaviour within OR teams to improve teamwork and collaboration, ultimately leading to a safer environment for patients.
Do qualitatively identified barriers have a significant effect on speaking up?
With respect to evaluating CRM training specifically, two studies showed that anaesthesia trainees scored better in simulations after CRM training. 8, 16 The two-challenge rule originated from aviation. It allows one crew member to assume the responsibilities of another crew member who fails to respond to two consecutive challenges regarding aircraft safety. 40 Teaching the two-challenge rule paired with the advocacy and inquiry technique improved performance in simulations conducted after the teaching intervention with a better quality of challenge to senior team members. 17 Both the quality and frequency of challenging episodes have been shown to improve in simulation after a targeted teaching session on CRM. Lastly, specific modifiers and barriers to challenging authority have been investigated to determine any difference in performance in simulated environments. These include studying encouraging and discouraging behaviours by senior surgeons to their more junior colleagues, 41 studying steep traditional hierarchy as opposed to flat hierarchy (i.e., one where the authority gradient between consultant and junior is reduced, promoting involvement in decision-making processes) for anaesthesia residents, 15 the effect of a supervisor's positive or negative interpersonal behaviour on anaesthesia residents, 14 and the effect of superior's gender on the performance of respiratory therapists. 18 Surprisingly, the effect of positive or negative interpersonal behaviour on anaesthesia residents did not influence their ability to challenge authority, and neither did flat compared with traditional hierarchy. The authors hypothesise that previous exposure to the effects of hierarchy and the professional culture they function within may have overcome the influence that the interpersonal behaviour of the superior might have had and residents performed poorly in both groups. However, in a study with surgical trainees the opposite was found. A discouraging environment was found to decrease the frequency with which trainees were willing to speak up. 41 Superiors' gender was found to have a significant effect on respiratory therapists' ability to speak up. A female staff anaesthetist was challenged with greater frequency and more aggressively than a male anaesthetist in the same tightly scripted simulated scenario. 18 The effect of experience on a junior trainee's ability to challenge authority has also been tested. A study in the UK that conducted a crisis scenario simulation for first-and second-year trainees, found that second-year residents did significantly better, challenging the consultant more quickly and effectively and reducing the number of incorrect management interventions by the superior. A high-quality challenge combined with non-verbal cues was performed more often by the more senior residents resulting in an improved outcome of the simulated scenario. 13 The testing of these enablers and barriers to speaking up requires that all other factors are equal for a true comparison to take place. The studies do their utmost to try and keep all other factors in these simulations equal. However, there will always be some limitations. For example, when looking at the effect of a superior's gender on the ability to speak up, the authors acknowledge that factors such as height and build could not be standardised between the two groups for obvious reasons, although these may be significant in affecting the results.
Are there tested methods confirmed to improve the ability of speaking up?
The last studies in this group examined the methods of speaking up and their effectiveness. 35, 42, 43 A pilot program which taught staff at a Congolese hospital to implement the surgical safety checklist was examined. Participants reported that training had a positive effect on teamwork, organisation, and safe anaesthesia practices. However, even after the training, less than half felt able to challenge those in authority or ask questions when they saw things that they perceived as wrong. 42 This contrasts with a Massachusetts General Hospital initiative which was undertaken to improve the quality and safety program, particularly in the perioperative department. 44 A survey showed that 44% of staff did not feel able to speak up if they felt something was wrong, but felt they would do so 'knowing I have the support of management and my peers' and 'engaging in a conversation with all parties involved in the incident'. To this end, the development of an electronic safety reporting system, and formal debriefings and feedback after adverse events was initiated. It led to a major increase from 44% to 97.7% in staff reporting that they would speak up if an adverse incident occurred. A different approach to training incorporates 'Virtual humans' which were hypothesised to be easier to speak up to than real humans and their use was proposed as a means of training for effectively challenging authority. Results indicated that participants' behaviour in the scenario is not affected by whether the surgeon was real or virtual, suggesting that virtual humans with high behaviour realism can be used for speaking up training in simulated scenarios but also demonstrating how deeply ingrained hierarchy really is. 35 
Discussion
Health professionals in the OR in the majority of Western practice consist of three main professional groups: surgeons, anaesthetists, and perioperative nurses, all of varying seniority. The views and opinions of these different groups in the OR can give us insight into the barriers and facilitators encountered when speaking up and how these influence the decision to challenge authority. Narrative articles in the literature exploring this subject focus mainly on perioperative nurses. The presence of incivility, intimidation, and bullying are mentioned frequently. Nurses are natural advocates for the patient but because of the deeply ingrained hierarchy in the OR, speaking up may put them in a vulnerable position. 1,22e24 An individual previously targeted through acts of bullying or dismissal may experience a heightened stress response. This individual may not speak up, especially if an unfriendly superior behaviour occurs, resulting in a pattern of non-challenge being repeated if a similar patient safety incident occurs. Coupled with the fear of a punitive response or fear of recrimination, this may act as a barrier to speaking up. Conversely, evidence of change after an episode of speaking up, and staff being valued by an organisation for speaking up is seen to be an enabler. These narrative articles have subsequently been supported by results of qualitative studies, predominantly focusing on survey or qualitative interview results from perioperative teams. These demonstrate the same main themes of hierarchy and organisational culture.
Negative hierarchical culture features heavily in these studies. The large power discrepancies ingrained in the medicine culture may adversely affect 'low power' members' perception regarding the ease of speaking up. Consequently, this may inhibit productive communication. The characterisation of fear and intimidation perceived by junior members of the team gives insight into how a negative hierarchical culture can adversely impact patient safety, trainee learning, and team function. Without a clear or compelling reason to offer one's views in a supportive environment, the effort and risk involved with speaking up make it unlikely to happen, even without large power differentials. 34 Educational courses have had a varying effect on selfreported behaviours regarding speaking up. Although most have shown a positive impact, one showed a decline in scores when followed up at 6 and 12 months. This has largely been attributed to the fact that these courses were stand-alone courses in the context of conducting this study. The authors feel that if this course were to be implemented as part of an iterative curriculum, alongside other safety initiatives such as surgical checklists and staff audit, scores may have been higher on follow-up. They also felt the course should be tailored to the experience level of the participants, as those with more experience were found to have higher scores after this course aimed at consultant anaesthetists and surgeons. 38 Simulation studies addressing specific barriers to speaking up had some surprising results. Simulating a traditional steep hierarchical environment compared with a flat one in which the superior is open and inclusive showed no improvement in the ability of anaesthesia residents to speak up. 15 Similarly, there was no difference between an environment of positive interpersonal behaviour compared with negative and exclusive interpersonal behaviour. 14 These results seem counterintuitive to the opinions expressed in qualitative interviews and surveys. In the latter study residents all recognised that the difficult airway scenario was being mismanaged and patient safety was at risk. Despite this risk, even those residents in the positive interpersonal behaviour group challenged infrequently and with poor quality. Other influencers such as wanting approval from their senior, and showing the appropriate respect because of the ingrained hierarchy could have also influenced behaviour. Studies that examine speaking up necessitate some deception of the participants. The ethical dilemma of using frank deception poses a number of questions as whether it should be used as part of an educational technique. There is insufficient data on the effect of deception on learners, and there has been no research into the effect of deception on learners' performance or changes in behaviour. The use of sociological fidelity can increase the realism of the training and allow easier transfer of skills learnt in simulation. Combined with effective debriefing, this allows the learner to explore issues regarding hierarchy, leadership, and professional identity. Local research ethics boards had approved all studies that used deception in this review. 45 The themes regarding speaking up in terms of what experts believe, what reality shows us, and what we test are consistent. Hierarchy, organisational culture, and education are the most commonly observed and tested themes. The inconsistency of results regarding education as a means to improve speaking up shows that, although educational courses may produce short-term behavioural changes, these tools may not be retained on a long-term basis without organisational changes.
In conclusion, this review provides a summary of the published literature regarding speaking up in the OR environment. Characteristics unique to a particular person will be un-modifiable (e.g. gender), but awareness of the potential implications that these characteristics may have can go some way to promoting speaking up. Some of the barriers identified are potentially modifiable within institutions. Education around the importance of speaking up and challenging authority is essential; however, unless supported by accessible reporting systems and transparency of organisations, education on its own will not be enough. 42, 44 A transformation in culture regarding hierarchy will be required, which is arguably the most important modifiable factor. Future research could consider the effect of a change in the undergraduate curriculum to try and address the lack of education around speaking up. Coupled with education in the postgraduate environment promoting open communication with trainees, this will help seniors create a culture where juniors are encouraged to speak up. All personnel in the OR have a responsibility to protect patient safety and work in an environment of dignity and respect in an often high acuity environment. It is imperative that effective inter-professional collaboration occurs to protect patient safety. 
